A field experiment was performed to evaluate clitoria-ziziphus agroforestry system under arid land conditions of Saudi Arabia. Clitoria growth and biomass accumulation (fresh and dry) were tested against three nitrogen levels (0 kg N/ha, 200 kg N/ha and 400 kg N/ha), three planting distance (1 m, 2 m and 4 m) from ziziphus tree in inter cropping and sole plantation at Agricultural Research Station of King Abdulaziz University, located at Hada Al-Sham during the 2013 and 2014 seasons. A split-split plot design was used with three replications. Forage growth rate and biomass accumulation were measured at ten different intervals approximately at a period of 30-45 days. Statistical analysis described significant impact for intercropping, planting distance and nitrogen fertilizer on clitoria growth and biomass accumulation. By increasing the fertilizer dose, a gradual increment on forage growth was recorded and maximum forage production was perceived at 400 kg N/ha. The interaction of 400 kg N/ha, intercropping and 1 m distance produced optimum forage growth (108 cm) while 2 m distance produced maximum biomass accumulation (10.86-4.92 t/ha) as compared to the sole plantation under zero fertilization.
Introduction
Practicing of agroforestry system in Saudi Arabia is challenged by propagation of trees which limited by many problems such as lack of water and maintenance during the dry season. Farmers' disinclination to enable natural regeneration of native trees in their fields has also hampered agroforestry initiatives in Saudi Arabia. Other constraints include the reluctance of native peoples to practice traditional agroforestry because of more interest on cash-cropping agriculture. Farmers also lack materials and equipment to establish agroforestry farms, and have to contend with the increasing vagaries of the weather, especially drought and short rainfall. Under such conditions intrusion of new forage crops with high tolerance to abiotic stresses and high nutrition value have the potential to adjust in agroforestry systems of arid lands (Muneer, 2008) .
Nowadays, there is an urgent need for forage crops production in sustainable manner in Saudi Arabia to meet the demand of the local markets. The estimation of cultivated area with forage in the country is 161 ha, according to ministry of economy and planning. The production per unit is 18.5 t/ha, with annual increase of 3.2%. Agroforestry can be helpful to fill some of this gap that is created by the annual increase in demand.
Shortage of water and availability of very limited resources are the main limiting factors for the production of the agricultural crops in dry lands. For sustainable agricultural production in arid lands, agroforestry should be an integral part of any future agricultural systems. In KSA the lack of sufficient rain water and depletion of ground water resources led the government plan to reduce cultivating water demanding forage crops (Ouda et al., 2013) . Planting trees with forage crops in the same unit of the land as an intercropping system will maximize the land use efficiency and assist to narrow the gap in forage production in KSA.
Among the promising forage crops that could receive more attention is Clitoria ternata, which is also known as butter fly bean. This crop can be grown both by rain and under irrigation. It is a high yielder and drought tolerant. Its nutritive value is not much different from that of clitoria. It contains 14 to 22% crude protein, 9 to 12% digestible protein and 56% total digestible nutrients as reported by. The plant is a tall, slender, climbing herbaceous vine with five leaflets, white to purple flowers, and has deep roots. Although the importance of fertilizer to legumes has been recognized worldwide, but information on its role in agroforestry is still very scanty in the Saudi Arabia. Positive role of nitrogen fertilizer in agroforestry is also expected (Abusuwar and Ahmed 2010) . So current study is designed to introduce clitoria forage in ziziphus based agroforestry system in Saudi Arabia. Forage biomass production will be evaluated in sole and intercropping along with effect of nitrogen fertilizer and planting distance from ziziphus tree.
Materials and Methods Experimentation
To evaluate the Clitoria-ziziphus agroforestry potential for forage production under different nitrogen levels, planting distance and intercropping a field experiment was conducted at the Agricultural Research Station, King Abdulaziz University, at Hada Al-Sham during the 2013 and 2014 seasons. The main plot treatments were 3 nitrogen rates, N0: 0 kg N/ha, N1: 200 kg N/ha and N2: 400 kg N/ha. Sub plot treatments were zizphus tree-clitoria forage intercropping systems (Zizphus -Clitoria-Intercropping (Cli-IC) and Clitoria-Sole (Cli-S)). The sub-sub plot treatments were three distances from ziziphus tree. The D1:1 m, D2: 2 m and D3: 4 m apart. Split-split plot design was used with three replications. The experimental plot (sub-sub plot) size was 6 m long and 2 m width, with 20 cm, row spacing.
Crop Husbandry
Soil preparations were started one month before plantation. An area with previously cultivated ziziphus tress was selected and marked for intercropping. A nearby area without ziziphus trees were selected for sole plantation. Land was cultivated with tractor mounted plough followed by planking and leveled. Planting was done at the first week of December 2013. Complex fertilizer of NPK (20:20:20) was applied as basal dose during the soil preparation. Area was divided into main plots for nitrogen application, sub plot for zizphus-forage crops intercropping and sub-sub plots for distance allocation. Surface applied drip irrigation system was installed for irrigation application. Pipes were laid out at 20 cm apart and dripper were 9 cm apart.
Recorded Data
Ten cuts were harvested throughout the year. The cutting period was approximately 30-45 days. The first cut was harvested after 30 days of plantation. Cutting was done from February to November. The fallowing traits were recorded in each cut. Plant height (cm) on 20 random guarded plants /plot were recorded by a measuring scale. Fresh biomass yield/ha (t) converted from the 1 m 2 fresh forge weight/plot. Dry biomass yield/ha (t) converted from the 1 m 2 dry forge weight/plot.
Statistical Analysis
The obtained data of the experiment was statistically analyzed according to El-Nakhlawy (2010) by calculating the analysis of variance, then the means were separated and statistically compared using the LSD test at P ≤ 0.05 after applying the analysis of variance assumptions.
Results and Discussion Clitoria Height (cm)
Plant height for clitoria was recorded for each cut to estimate the effect of nitrogen application, planting distance and intercropping. Statistical evaluation of the data presented significant main effect of nitrogen and intercropping while effect of planting distance was non-significant. Interaction of planting distance was also non-significant with planting distance and intercropping for most of the cuts. However, the three way interaction of all these factors was highly significant.
By increasing the nitrogen dose, a gradual increase in plant height was recorded. Intercropping produced higher clitoria height while sole plantation produced minimum value for plant height. Planting distance of 2 m produced maximum value for plant height however it was non-significant with other planting distances. Among different cuts the forage plant height was sufficiently reduced during summer and the minimum was for 6 th cut number. The interaction of 400 kg N/ha, intercropping and planting distance of 1 m produced the maximum plant height of 108 cm (Table 1) .
Clitoria Fresh and Dry Biomass (t/ha)
The effect of nitrogen, planting distance and intercropping was highly significant for clitoria fresh and dry biomass accumulation. The two and three way interactions of theses main factors were also significant except for two way interaction of nitrogen × planting distance that was non-significant. All cuts presented similar trend for biomass accumulation as for plant height. Cut 6 produced the lowest accumulation for both fresh and dry biomass accumulation both for treated and non-treated plots ( Table 2 & 3) .
Application of nitrogen fertilizer increased the clitoria biomass accumulation as compared to control. Higher dose of 400 kg N/ha resulted in up to 12 t/ha of fresh and almost 5 t/ha dry biomass accumulation. The increment of 200 kg N/ha was also significant as compared to 0 kg N/ha but it was lower than 400 kg N/ha. Intercropping favoured both fresh and dry biomass accumulation as compared to sole plantation. This positive effect of intercropping is beneficial for economic output of the agroforestry farms. The increment of intercropping was 30-45% as compared to sole plantation. Distance of planting from ziziphus tree also favoured the clitoria biomass accumulation. The planting distance of 2 m was found optimum as it produced maximum forage production for most of the cut numbers.
The nitrogen application of 400 kg N/ha, planting distance of 2 m and intercropping are the most effective interaction for successful clitoria production in ziziphus based agroforestry system in Saudi Arabia. Nitrogen application of 200 kg N/ha is also effective for economical production of clitoria. Butterfly pea, a highly palatable forage legume is generally preferred by livestock over other legumes. It has thin stem and large leaves, nil bloat and non-toxic which make it ideal for forage and hay making. It's vigorous growth, tolerance to frost and dry periods and heavy grazing pressures make this suitable for waste land development. Production and utilization of this legume for animal production will provide adequate nutrition and also reduce grazing pressure on natural ranges (Gomez and Kalamani 2003) .
It is now recognized that grasses and trees have a respective competitive advantage in capturing water and nutrients from the upper and lower soil horizons, yet herbaceous roots also extend into deep soil layers. This suggests that competition and facilitation occur together in agroforestry, with variations in outcome according to habitat and tree species (McMurtrie et al 2012) . Plantation of forages in agroforestry brought extra advantage of deep percolation and distribution to uptake heterogeneously scattered nutrient in the lower horizons of the soil layers. Application of nitrogen at early stages of plant growth brought vigorous growth of roots and better establishment that was carried out throughout the growing season of the forage production (Akinnifesi et al 2008; Joint 2008) .
Intercropping also favoured clitoria production as compared to sole plantation. Intercropping may have brought easy availability of nutrient and moisture as compared to control. Effect of shading was also positive and this positive effect produced up to 30% higher forage production. Not much research was found on shading effect previously. Table 3 . Dry biomass (t/ha) of clitoria forage for ten consecutive cuts under different levels of nitrogen, intercropping and distance from ziziphus tree (Puri and Panwar, 2007) . Effect of micorhizal interaction and positive allelopathy cannot be neglected for agroforestry systems. Most of the plant roots exudate allelochemicals that can enhance root growth and work as plant growth hormones like Abscisic acid, strigolactones etc (Farooq et al., 2013) .
Arid conditions of the experimental area also put many constraint to normal forage production and drought stress is the major one. Drought stress may involve accumulation of mineral elements in plant tissues by affecting root growth, nutrient mobility in soil and nutrient uptake (Fageria et al. 2002) . Decreased water availability under drought generally results in reduced total nutrient uptake and frequently reduced concentrations of individual mineral nutrients in crop plants. The most important effects of water deficits are on transport of nutrients to the root and on root growth and extension. Reduced absorption of inorganic nutrients results from interference with nutrient uptake, unloading mechanisms and reduced transpiration flow (Baligar et al. 2001) . Under such conditions, role of shading become very important and of significance nature. Clitoria ternatea have not previously tested for its performance under shade. Sanchez and Ibrahim (1991) found C. ternatea to be more shade-tolerant than the legume species S.
Conclusion
Results of clitoria-ziziphus agroforestry experiment are satisfactory. The effect of used main factors (nitrogen, intercropping and shading) were also positive. Clitoria presented positive response in terms of plant height and biomass accumulation. The interaction of 400 kg N/ha, intercropping and 2 m distance were the optimum levels to produce maximum forage production under ziziphus based agroforestry system in arid land conditions of Jeddah region of Saudi Arabia.
